Abstract Chicken infectious anaemia virus (CIAV) is an economically important and a highly immunosuppressive virus affecting poultry industry worldwide. In this study we assessed the immunomodulatory effects of four herbal preparations namely Withania somnifera, Tinospora cordifolia, Azadirachta indica and E Care Se Herbal in resisting the viral multiplication and immunosuppression inflicted by CIAV in chicks. Day-old chicks (n = 90) were randomly and equally divided into six groups (Groups A-F). Groups A-D were administered with purified extracts of W. somnifera, T. cordifolia, A. indica and E Care Se Herbal, respectively followed by the evaluation of viral load in lymphoid organs by quantitative real-time PCR and cell mediated immune response by flow cytometric analysis of CD4
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? and CD8 ? T cell counts compared to control birds while of E Care Se Herb had minimal effect on T cell count. The findings suggested that the herbal preparations used during the study were effective as both prophylactic and immunomodulatory agents and thus have potential of being used against CIAV induced immunosuppression in poultry.
Keywords Chicken infectious anaemia virus Á Poultry Á Herbs Á Immunomodulation Á Viral load Á Quantitative realtime PCR Á Flow cytometry Á Cell mediated immunity Chicken infectious anaemia (CIA) is one of the important emerging poultry diseases caused by chicken infectious anaemia virus (CIAV) of the genus Gyrovirus of the family Circoviridae. CIAV contains circular ssDNA genome, encoding three proteins namely, VP1 (major capsid protein), VP2 (scaffold protein) and VP3 (apoptin). The virus has attained the status of an emerging poultry pathogen affecting particularly young chicks and has been reported from many countries worldwide [1, 2] . CIAV is a potent immunosuppressive agent as primarily it affects the lymphoid and haematopoietic tissues, thereby prime the birds highly susceptible to other secondary infections along with depression of vaccinal immunity and production performance in the field situations [2, 3] . Both vertical and horizontal transmission occurs; the most important being vertical transmission from parents to the offspring through the hatching eggs [1, 2] .
The treatment and immunomodulatory strategies with haematinics and immunostimulants for checking clinical pathology and improving the immunity in birds have been suggested for its control [1, 2, [4] [5] [6] [7] [8] [9] . Herbal based immunomodulation is being traditionally practiced in India and is gaining added importance nowadays throughout the world for its prophylactic and therapeutic efficacies against various diseases including viral infections [10] . Therefore, in this study we assessed the immunomodulatory and
prophylactic potential of selected four herbal preparations viz., Withania somnifera, Tinospora cordifolia, Azadirachta indica and E Care Se Herb against CIAV multiplication in experimental chicks through evaluating the viral load in lymphoid tissues using quantitative real-time PCR assay and cell mediated immune (CMI) response by flow cytometry. Herein, pure extracts of Withania somnifera (or Ashwagandha with active withanaloids @ 3%), Tinospora cordifolia (or Guduchi with active tinosporins @ 1.5%) and Azadirachta indica (or Neem with azadirachtin @ 2.5%) in the powder form (supplied by Natural Remedies Pvt. Ltd., Bangalore, India) and one commercial herbal preparation of poultry named E Care Se Herbal which is a liquid preparation containing extract of Ocimum sanctum (Tulsi) along with vitamin E and selenium (supplied by Provimi Animal Nutrition India Pvt. Ltd., Bangalore, India) were used. A total of ninety (90) clinically healthy day-old specific pathogen free (SPF) chicks of White Leghorn breed were used. The chicks were randomly divided into six groups (A-F) with 15 birds per group. The treatment groups (A, B, C, D) were fed with powdered herbal extracts at the dose rate of W. somnifera (1%), T. cordifolia (1%) and A. indica (0.2%) respectively through feed, while group D was fed with E Care Se Herbal (0.1%) through drinking water. Group E and F were maintained as virus positive and negative controls, respectively, for CIAV infection to be given later at 14th day of age. Powders of W. somnifera, T. cordifolia and A. indica were mixed with feed as per the experimental designs of Yamada et al. [11] , Rajkumar et al. [12] and Sadekar et al. [13] , respectively. For group D, E Care Se Herbal supplement was mixed with drinking water as indicated in the manufacturer's product information. All the experimental groups were reared under strict isolated conditions and fed autoclaved feed and water, supplemented with vitamins and minerals, ad libitum. Birds were also given antibiotic Lixen Powder (Cephalexin, Virbac India Ltd.) for five days as prophylactic doses (@ 1.3 g for 100 chicks in drinking water) to prevent secondary bacterial infections. They were regularly monitored for clinical signs of disease and mortality, if any. The experiment on chicks was performed following the recommendations and approval of the Institute Animal Ethics Committee (IAEC) under the guidelines set forth by the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA).
Initially, all the six experimental groups were kept in control experimental shed of Avian Diseases Section, IVRI, Izatnagar, India. Treatment groups (A-D) and virus positive control (group E) were shifted to experimental infection shed at 2 weeks of age and were infected with CIAV-a strain (Accession No. AY583755) intramuscularly by 40 times of the 50% Chicken Infectious Doses (CID 50 ) as per Kaffashi et al. [14] . All the chicks were monitored for any clinical signs of the disease. Three birds from each group were sacrificed humanely for quantifying the viral load in thymus, spleen, and liver. Quantitative real-time polymerase chain reaction (qRT-PCR) was employed to determine the viral load (viral copy number) in these tissues by preparing the standard curve using six 10-fold serial dilutions of the linearised VP2-pTARGET plasmid containing 10 6 -10 1 copies in triplicates along with non-template controls.
For qRT-PCR, three birds each from all groups were sacrificed, total DNA was extracted from 25 mg each, of thymus, spleen and liver tissues using the DNeasy Blood and Tissue Kit (Qiagen, Hilden, Germany). The isolated samples containing DNA were diluted to 1:100 in order to evade the effects of tissue inhibitory substances on PCR efficiency [14] . For the quantification of CIAV genome (DNA) in various tissues, isolated DNA samples were used for qRT-PCR analysis in a MX 3000P thermal cycler (Stratagene, California, USA). The forward and reverse primers used for qRT-PCR were VP2F (5 0 -ATGGCAA-GACGAGCTCGC-3 0 ) and VP2R (5 0 -TCACACTATACG TACCGGGG-3 0 ), respectively, that provided an amplicon of 178 bp size [15] . Duplicate sets of each reaction sample were prepared using 10 ll of QuantiFast SYBR Green PCR master mix (Qiagen, Hilden, Germany), 2.5 pmol each of forward and reverse primers, 2 ll of diluted DNA samples and nuclease-free water to make final reaction volume of 20 ll. Non-template controls and efficiency of primer by 10-fold serial dilutions of template DNA were also evaluated and the specificity of the amplified gene products was confirmed by dissociation curve analysis generated by the software at annealing temperatures through 95°C. Amplification conditions include an initial incubation at 95°C for 10 min for activation of hot start DNA polymerase, followed by 40 cycles of amplification reaction involving denaturation at 95°C for 15 s, followed by combined annealing and extension at 60°C for 30 s.
Cell mediated immune response in each group against CIAV was estimated by flow cytometric analysis of CD4 ? and CD8
? peripheral T cells at 10th and 14th DPI using FACS Calibur Ò instrument (BD Bioscience, USA). The monoclonal antibodies (Mab) used in the study were mouse anti-chicken CD4
? and CD8 ? conjugated with RPE and FITC, respectively (AbD Serotech, UK). Where 0.5 ml blood was collected from each six birds in all the six groups, peripheral blood mononuclear cells (PBMCs) were isolated, resuspended in 0.3 ml of PBS, followed by incubating the cells with 6 ll of Mab for 1 h at 4°C. Samples were acquired taking 10,000 cell counts which were analysed in ''Cell quest'' software of FACS Calibur (BD). As the monoclonal antibodies were conjugated to dyes (CD4 ? conjugated with FITC and CD8 ? conjugated with RPE) detected in FL-1 (CD8 ? ) and FL-2 (CD4 ? ) channels, histograms and dot plots were drawn with FL-1 and FL-2 channels. Each sample was analysed twice.
Standard curve for the quantification of viral load in tissues was obtained with a linear relationship between the amount of input plasmid DNA and the Ct values over six log 10 dilutions (Fig. 1a) . Amplification plot with corresponding Ct values (Fig. 1b) and a single dissociation peak during melting curve analysis through annealing to melting points of the amplified product (Fig. 1c) was observed. Quantification of virus in thymus, spleen and liver indicated more viral load in thymus than in other tissues followed by spleen and liver, at both 7th and 14th DPI. In all the three tissues, the viral load was more on 14th DPI than that of 7th DPI. Among the six groups, maximum viral load was observed in group E from all the tissues, whereas no virus was detected in group F chicks (negative control birds). Treatment groups indicated better resistance to virus multiplication, especially with Ashwagandha, showing log 10 2.63 ± 0.2 and 3.59 ± 0.25 for thymus, log 10 2.45 ± 0.12 and 2.18 ± 0.28 for spleen, log 10 2.06 ± 0.2 and 2.88 ± 0.17 for liver, on 7th and 14th DPI, respectively. Mean viral load for each tissue in six groups are presented in Fig. 1d , e.
The number of CD4 ? and CD8 ? T cells count out of total 10,000 PBMCs in the peripheral blood of all the six groups was estimated on 10th and 14th DPI (refer to Tables 1, 2). Group F showed both highest CD4
? as well as CD8
? counts on 10th and 14th DPI and group E with least counts which is significantly different from group F (P \ 0.05). In the four treatment groups (A-D), the CD 4? T cell count at 10th DPI was significantly different from both group E and F (P \ 0.05) but on 14th DPI, CD 4? T cell count of group A was comparable with that of uninfected control (group F), whereas groups B, C and D showed values which were significantly different from both infected and uninfected control groups. CD8
? count of group A showed values comparable to that of group F (P [ 0.05) on 10th DPI whereas on 14th DPI the count was significantly different from both groups control groups (P \ 0.05). For the groups B and C, CD8
? T cell counts on 10th and 14th DPI were significantly different from both group E and group F (P \ 0.05) whereas group D was not significantly different from infected control (group E) with respect to CD8
? count. The profound immunosuppression induced by CIAV, few limitations of its vaccine usage and lack of any treatment option demands exploration of immunomodulatory and supplementary regimens which could boost immunity of birds to counter this viral infection and ameliorate its pathogenicity and immune depression. Very limited studies are available with regards to the use of supplements and immunomodulators to counter CIAV infection in poultry. The use of immunomodulators and haematinic supplementation has been found effective in amelioration of CIAV induced immunosuppression in chicks suggesting their prophylactic and therapeutic usages and prospective against CIA in poultry [5, 8, 9] .
The present study describes the immunomodulatory and prophylactic efficacy of herbal preparation of four of herb (Withania somnifera, Tinospora cordifolia, Azadirachta indica and E Care Se) against experimentally induced CIA in chicks by assessing CIAV multiplication via viral load estimation in lymphoid tissues by qRT-PCR and CMI by flow cytometry. It was found that the virus concentration in the tissues of positive control birds (group E) was higher than that of herbal treatment groups, with an increase in viral load from 7th to 14th DPI. This pattern of virus Immunomodulatory and prophylactic efficacy of herbal extracts against experimentally induced… 117 multiplication correlates with the observations from other studies in which the virus was inoculated at clinically susceptible age [14, 15] . All the four herbal treated groups showed better response against CIAV infection as evidenced by the viral load measurements by qPCR and CMI responses. Viral load estimation in thymus, spleen and liver at 7th and 14th DPI revealed that the viral genome concentration was more in thymus followed by spleen and liver and that too more on 14th DPI. All the treatment groups, especially the group A treated with W. somnifera, resisted the viral multiplication efficiently followed by other three herbal preparations. This showed the efficiency of these herbs in modulating the immune system especially the thymocytes to defend the viral multiplication in its target organs, thereby preventing its secondary complications. Cell-mediated immunity has an important role in protection against CIAV since the infection significantly reduces the development of antigen specific cytotoxic T-lymphocytes as well as T-helper cell responses resulting in poor antibody response [1] . So the CMI status of the experimental chicks was assessed by estimating CD4
? and CD8
? T cells using flow cytometry, and it revealed that both CD4
? and CD8 ? cell counts were increasingly reduced in the group E, and among the T cells, CD8
? cells have increasingly reduced in this study which is in accordance with the findings of Markowski-Grimsrud and Schat [16] . All the treatment groups (A-D) resisted the depletion of CD4
? T cell count in respective groups compared to group E, and the first three treatment groups resisted the reduction of CD8
? cells efficiently. This indicates that except group D chicks treated by E Care Se Herbal, all other herbal preparations modulated the CMI response efficiently in limiting the impact of CIAV on lymphocytes.
The ayurvedic herb W. somnifera has been proven to have a wide range of therapeutic potentials including antiviral activity in various studies [17, 18] . The capability of W. somnifera treated chicks (group A) in effectively resisting CIAV infection may be attributed to the withanolides, the major chemical constituent of the herbal plant, which is a triterpenoid that has been reported to have antitumor, antioxidant, anti-inflammatory and antimicrobial properties. Withanolides can selectively skew the immune response towards T-helper1 (Th1) rather than Th2 side by increased IFN c and IL-2 cytokine production, which is the key factor in immunity against viruses, besides augmenting the CD4
? and CD8 ? T cell counts, and natural killer (NK) cell activity [17, 18] . Group B chicks fed with T.cordifolia were able to limit the viral pathogenesis/any other term instead of attack which may be attributed to presence of G1-4A, an arabinogalactan polysaccharide present in the plant. G1-4A activates macrophages through TLR6 signaling and NF kB translocation along with resultant production of cytokines that have role in haematopoiesis, thereby influencing the lymphoid tissues [19] . In this regard, T. cordifolia can enhance the CMI response in chicks which may account for the reduced viral load and increased T cell populations in group B compared to that of group E. The chicks in group C treated with A. indica showed marked difference in the viral load and CMI response as compared to positive control (group E). This indicates the immunostimulatory and antiviral activity of A. indica against the pathogens that target lymphoid system which can be attributed to its hepato-stimulatory and hepato-protective nature, resulting in immunopotentiation as it has already been established in various studies [20] .
The group D fed with the herbal based (Osimum sanctum) commercial immunomodulatory preparation, E Care Se Herbal, showed improvement in resisting virus load in lymphoid tissues which may due to the functions of its components (O. sanctum, vitamin E and Selenium). Vitamin E provides the first line of defense against oxidative damage, increases lymphoproliferative responses, phagocytic functions and T cell hyper activity [21] and these may be mediated by enhancing the antioxidant activity in the lymphoid tissues [22] . Selenium is an essential nutrient for poultry, which stimulates phagocytosis and chemotaxis of macrophages and neutrophils. It is an essential component of enzyme glutathione peroxidase (GPx), and plays a major role against diseases. The herbal component of E Care Se Herbal, O. sanctum, revealed immunostimulating properties by virtue of increasing heterophils and lymphocyte count, enhancing phagocytic activity and phagocytic index and reducing total bacterial count. Oil from Tulsi seed can mediate GABAergic pathways and by this it can modulate both humoral and cell-mediated immunity [23] . The present study correlates with the above point in case of improved cell mediated immunity but the humoral immunity was not as enhanced as evidenced by the HI titre. Herbal therapy has its relevance all the time because, there exist a great potential for herbal and alternative medicine in veterinary as well human practices where antiviral therapy is still a mirage. In our recent studies, these four herbal preparations (W. somnifera, A. indica, T. cordifolia and E Care Se) revealed significant ameliorative effects on the pathology, pathogenesis and haematological changes as well as improving live body weights of chicks experimentally infected with CIAV [6, 7] .
All the four herbal preparations evaluated in the study proved to be useful to resist the CIAV multiplication in target tissues and modulated the cell mediated immune response of chicks against CIAV. Use of these herbs reduced CIAV load in body tissues and significantly increased the CD4
? and CD8 ? T lymphocytes. Thus, herbal immunomodulation could represent a safe and economical prophylactic and treatment regimen for CIAV in resource poor countries, and would help prevent huge economic losses being suffered to poultry industry by this highly immunosuppressive virus as well as simultaneously may be from other pathogens. Further studies are suggested for exploiting the potent and proven herbal remedies for their full potential to be used commercially in poultry production system and ameliorating harmful effects of infectious agents. 
